| HISTORICAL PERSPECTIVE
The first reported case of scapular winging was by Winslow in 1723.
1,2 Velpeau later described scapular winging from serratus anterior dysfunction due to a long thoracic nerve palsy in 1837. 3 Although long thoracic nerve dysfunction can be idiopathic, it is most often due to an injury. Historically, multiple mechanisms of injury of the long thoracic nerve have been described. These include blunt and penetrating trauma. Because of its superficial course deep to the subcutaneous tissue but superficial to the ribs, the long thoracic nerve is susceptible to a stretch or compression injury with sudden traction of the arm, depression of the shoulder, or blunt trauma to the thorax such as that experienced during seatbelt compression in a motor vehicle collision. Gozna and Harris demonstrated that downward traction on the arm results in impingement of the long thoracic nerve by the scapula at the level of the second rib in cadaveric specimens. 4 Others have shown that the nerve can be stretched at the points where it is tethered including the first rib, the inferior border of the scapula, and the first 2 or last nerve branches. 4, 5 It is also well accepted that the long thoracic nerve can sustain iatrogenic injury with lymph node dissection along the ribs during a mastectomy. Other cases of long thoracic nerve dysfunction are attributable to viruses, a neuritis, postimmunization reaction, first rib resection for thoracic outlet syndrome, transaxillary sympathectomy, and Parsonage-Turner syndrome. 6 Cervical spine disease, specifically involving the C7 nerve root, can be responsible for long thoracic nerve dysfunction as well.
Historically, the surgical treatment of scapular winging due to serratus anterior paralysis has centered around 2 types of surgical procedures: static scapula fixation and dynamic transfer of a muscle tendon unit. Tubby was the first to suggest a dynamic muscle transfer when he described a pectoralis major transfer to address scapular winging in 1904. 7 The pectoralis major muscle tendon unit was fashioned into several fasiculi, each of which was transplanted individually into the digitations of the dysfunctional serratus anterior. Whitman was the first to rely on a static scapular restraint when he described tenodesing the vertebral border of the scapula to the fourth through seventh ribs using fascia lata strips in 1932. 8 The use of a fascial graft from the inferior border of the pectoralis major to the inferior border of the scapula was attempted by Dickson in 1937. 9 Durman, concerned that the dysfunctional serratus anterior muscle used in Tubby's reconstruction and the fascia used in Whitman's reconstruction would stretch out over time and that Dickson's procedure would not restore scapulothoracic motion, embraced a variation of Tubby's dynamic transfer. In 1945, he described the technique of a split transfer of the pectoralis major to the inferior angle of the scapula using an autogenous fascia lata graft to increase the length of the transferred tendon. 1 Many other variations of treatment have been described. Other surgeons have suggested dynamic muscle transfer using the rhomboids, 10 teres major, 11, 12 and pectoralis minor 2,13 with variable success. A review of the recent literature demonstrates that a 3-tiered paradigm exists for the surgical treatment of scapular winging from serratus anterior paralysis: static stabilization of the scapula, dynamic stabilization of the scapula, and scapulothoracic fusion. However, there has been a migration by most toward the use of the pectoralis major muscle, either completely 14, 15 or in spilt fashion, 16Y19 to achieve a dynamic transfer to the inferior scapula in cases of isolated serratus anterior dysfunction. New procedures for the static stabilization of the scapula have been described, but no long-term outcome studies exist to determine when and if they are acceptable modalities. Scapulothoracic fusion is largely reserved for cases of failed surgical treatment, concomitant trapezius and rhomboid dysfunction, or global muscle weakness from neurological disorders such as fascioscapulohumeral dystrophy.
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| INDICATIONS AND CONTRAINDICATIONS
Patients often present in a delayed fashion after having had other surgical procedures performed and other diagnoses ascribed to their symptoms. Warner and Navarro 16 documented 5 patients in their series of 8 who presented at their index office visit with a total of 17 surgical procedures that failed to result in clinical improvement. The predominant complaint is usually pain and/or weakness or concern over perceived scapular winging. The pain is often felt posteriorly and may be related to compensation by the remaining functional axioscapular muscles. It is not uncommon for patients to present with impingement-like symptoms as a result of a non-outlet impingement mechanism.
The approach to diagnosing a patient with scapular winging secondary to serratus dysfunction must be comprehensive to rule out other concomitant or possible diagnoses. A complete history must be obtained including a family history for fascioscapular humeral dystrophy, acute or remote injuries, past immunizations, previous surgeries, previous diagnoses, and prior surgical interventions.
An adequate physical examination requires the patient to remove his or her shirt. Sequences of examination must be viewed from the front, the back, and the side to appreciate all findings. At rest, the axioscapular muscles are examined for obvious atrophy. This can be subtle. Afterward, the posture of the scapula is noted. The position of the scapula with isolated serratus dysfunction is typically superior and medial translation with medial rotation of the inferior angle (Fig. 1 ). This position is in contradistinction to that present with trapezius dysfunction from spinal accessory nerve palsy, where the scapula is inferiorly and laterally translated with the inferior angle rotated laterally. In addition, with trapezius dysfunction, the shoulder is ptotic.
The strength of the rotator cuff must be manually tested to rule out causes for compensatory scapular winging. In addition, the shoulder should be assessed for impingement and instability. The strength of the rhomboids must be manually assessed with scapular retraction, and the trapezius should be examined by a resisted shoulder shrug. It is essential to rule out There are 2 methods that can be used to exacerbate scapular winging when it is a subtle or hidden finding by placing the serratus anterior at a mechanical disadvantage. First, the patient is asked to do a wall push-up, which often results in pronounced scapular winging on the affected side. An alternative method is resisted forward elevation with the shoulders at 90 degrees to overpower the stronger inferior portion of the serratus muscle. 16 Often, when scapular winging is present in the setting of serratus anterior insufficiency, the scapula fails to reduce into a retracted position with backward (extension) pressure of the elbow against the examiner's hand.
The examination then continues with range of motion testing. Flexion is observed and compared from side to side. Forward flexion is often dramatically limited in patients with complete serratus dysfunction.
The senior author described the scapular stabilizing test that is useful for verifying winging caused by serratus anterior dysfunction and predicting the success of a dynamic tendon transfer reconstruction. 16 This test requires the scapula to be stabilized against the chest wall with 1 hand while applying counterpressure to the anterior chest wall with the other examining hand (Fig. 2) . In isolated serratus anterior dysfunction, this maneuver should result in reduced pain and increased active flexion.
Obtaining electromyographic (EMG) and nerve conduction velocity (NCV) studies is a critical component of the preoperative workup. Technique is very important to obtaining reliable results. At times, there is no demonstrable nerve dysfunction despite clinical serratus dysfunction. Nonetheless, it is essential to obtain EMG and NCV initially to document the injury and then repeat these tests at 6 months to look for recovery. Specifically, the EMG should examine the trapezius, serratus anterior, and rhomboid muscles, whereas the NCV test should document the function of the spinal accessory nerve, long thoracic nerve, and dorsal scapular nerve.
Our approach to patients with isolated serratus anterior dysfunction due to long thoracic nerve palsy centers around conservative treatment because most injuries represent a paresis and not a paralysis. The recovery time course can be protracted, with many patients requiring up to 18 months for resolution. 21 It is often helpful to follow these patients with serial clinical examinations and EMG studies to determine if they are improving. An essential component of conservative treatment is rest and avoiding activities and heavy lifting above the shoulder level. We avoid prescribing physical therapy to strengthen the serratus anterior because this can result in additional stretching of the long thoracic nerve and impede recovery. 22 In patients with significant discomfort, a custom-molded brace or an off-the-shelf variety that applies pressure to the scapula and counterpressure to the anterior chest can be used. 23 The S4 Brace (Alignmed, Inc, Santa Ana, Calif) is helpful in retraining the scapula to stay in a more retracted position.
Preoperative Planning
The crux of the preoperative surgical workup revolves around clinical examination and neurodiagnostic testing as illustrated previously. However, radiographic imaging is important to assess and rule out causes of scapular winging besides long thoracic nerve palsy. All patients should be examined with a true anteroposterior radiograph and a scapular-Y radiograph of the affected extremity. These are useful to look for space occupying lesions. Occasionally, computed tomography can be used to look for osteochondromas of the scapula that can contribute to scapular winging; or magnetic resonance imaging can be used to better examine the soft tissue for tumors or concomitant shoulder pathology. These tests are not routinely obtained. Cervical spine imaging is only obtained if there is clinical suspicion for this being the origin of serratus dysfunction.
| TECHNIQUE Positioning and Anesthesia
Full muscle paralysis is achieved through a combination of general and regional anesthesia. We prefer to position the patient in a lazy lateral position with the torso angulated 60 degrees forward from the horizontal. Care is taken to appropriately pad the peroneal nerve and the ulnar nerve of the nonoperative leg and arm, respectively. The arm and leg are both prepared free. A sterile tourniquet is placed high on the ipsilateral thigh. The forearm is secured in a hydraulic articulated arm holder (Spider Limb Positioner, Tenet Medical Engineering, Calgary, Alberta) that allows positioning without the aid of an assistant for access to the anterior deltopectoral incision and the posterolateral incision over the inferior angle of the scapula. To provide this access, it is important to place the base of the arm holder cephalad to the level of the shoulder, thereby allowing both extension and external rotation as well as flexion, abduction, and internal rotation (Fig. 3) .
Hamstring Autograft Harvesting and Preparation
The ipsilateral leg is exsanguinated with an elastic bandage and the thigh tourniquet inflated. The leg is placed in a figure ''4'' position, and a 3-to 4-cm incision is made 1 cm inferior and 2 cm medial to the palpable tibial tubercle in the Langer lines. Once the superficial fascia is encountered, Metzenbaum scissors are used to spread the subcutaneous tissue to displace and avoid transection of cutaneous nerves. The fascia is then incised sharply superior to the hamstring tendons. The semitendinosis and gracillis are individually identified and harvested using a tendon stripper after freeing adhesions to crural fascia (Fig. 4A) . Muscle is then debrided from the proximal portion of both tendons. A running locking no. 2 nonabsorbable stitch is placed through the composite hamstring tendon graft to tubularize it (Fig. 4B) . The hamstring graft is stored in a saline-soaked sponge to prevent desiccation. The tourniquet is deflated, hemostasis is achieved, and the fascial layer is closed with interrupted no. 0 vicryl. The remaining layers are closed with a no. 2-0 vicryl and then a no. 3-0 absorbable monofilament as a running subcuticular stitch. A sterile dressing is applied to the knee. As an alternative, anterior tibialis allograft can be used to avoid the morbidity associated with hamstring harvest. The patient must be counseled regarding the risks with allograft use preoperatively. 
Split Pectoralis Major Tendon Harvesting
An approximately 4-cm incision is made extending from immediately below the coracoid process down to the anterior inferior axillary fold. Sharp dissection is carried out through the subcutaneous tissue until the fascia overlying the pectoralis major muscle is encountered. Subcutaneous flaps are developed medially and laterally until the deltopectoral interval is identified. The superior border of the pectoralis is identified and developed with the cephalic vein remaining lateral with the deltoid muscle. The inferior edge of the pectoralis major is then dissected from lateral to medial to expose the entire extent of the common tendon. Once the interval between the sternal and clavicular heads is identified (Fig. 5 ), a surgical clamp is then used to pass a Penrose drain around the sternal head of the pectoralis major muscle and tendon (Fig. 6) . The clavicular head of the muscle and tendon is retracted superiorly, whereas the tendon of the sternal head is sharply dissected toward its insertion. The biceps is protected deep to the pectoralis major tendon, and the insertion of the clavicular head of the pectoralis major is preserved. A no. 15 blade is used to release the sternal head of the pectoralis major from bone, and the interval between the 2 heads is further developed medially using blunt dissection until enough length is achieved to allow reorientation along the chest wall. Two Mason-Allen stitches are placed in the end of the tendon to be transferred using a no. 2 Ethibond.
Preparation of Pectoralis Major Tendon for Transfer
The hamstring tendon graft is then used to extend the length of the pectoralis tendon by at least 6 cm. The hamstring tendons are passed through the pectoralis tendon using a Pulver-Taft weave technique (Fig. 7) . The pectoralis tendon is then tubularized around the hamstring tendon autograft using no. 2 FiberWire and Ethibond to facilitate its passage through the soft tissue tunnel created along the chest wall. The graft composite is then wrapped in a sterile gauze and placed within the anterior surgical wound to prevent desiccation.
Preparation of Recipient Site
The hydraulic arm positioner is then moved to place the shoulder in a position of flexion and abduction. A 4-to 5-cm oblique incision is made overlying the inferior scapular angle within the Langer lines. Dissection is sharply carried down to the latissimus dorsi muscle. Full-thickness subcutaneous flaps are then developed, and the latissimus muscle is then split in line with its fibers over the inferior angle of the scapula. With superior and inferior retraction of the muscle, soft tissue is then subperiosteally elevated off of the inferior scapular angle on both the superficial and deep surfaces of the bone. It is essential to clear off soft tissue sufficiently to visualize the thickened lateral edge and the thinner central part of the scapula. A high-speed bur is then used to make a hole just medial to the thickened lateral edge of the scapula. The hole should be of sufficient size to accept the width of the composite hamstring and pectoralis tendon graft, usually 4 to 5 mm.
Preparation of Transfer Path and Securing Graft
A soft tissue tunnel is then formed along the chest well obliquely from the origin of the sternal head of the pectoralis major muscle to the inferior angle of the scapula (Fig. 8) . At first, this path is created bluntly using digital dissection. A large clamp is then used to dilate the passage to allow the graft to pass freely. Generally, this is the width of 2 fingers. A large clamp is then passed antegrade from the posterior incision along the chest wall into the anterior incision, and the graft is passed in retrograde fashion ensuring that there is no soft tissue tethering (Fig. 9) . A no. 2 FiberWire loop is placed through the hole in the scapula to assist in passing the graft and then reinforce the fixation of the graft to the scapula later. We then prefer to pass the hamstring tendons through the latissimus split and from the deep surface of the scapula through the burred hole to the superficial posterior surface of the scapula using the FiberWire loop. The scapula is then manually pushed forward in a protracted position until the pectoralis major abuts the scapula with the tendon passed in a ''u'' fashion from deep to superficial. This tensions the graft. In this position, the hamstring tendon graft is sewn to the deep surface of the pectoralis major tendon with no. 2 FiberWire (Fig. 10) . The no. 2 FiberWire suture previously used as a loop is then used to augment fixation of the pectoralis transfer.
Closure of Incisions
Both the anterior and posterior incisions are thoroughly irrigated. Through a separate stab incision, a pain catheter is placed that instills 0.25% Marcaine at 5 ml/h for 48 hours into the anterior surgical wound adjacent to the pectoralis major muscle. All incisions are closed in layers with no. 0 and no. 2-0 vicryl. A running no. 3-0 subcuticular absorbable monofilament suture closes the skin and is augmented by steristrips. Sterile dressings are applied. A cryotherapy cuff is placed on the shoulder, and the shoulder is immobilized in a sling with a small abduction pillow.
| POSTOPERATIVE MANAGEMENT
Immediately after surgery, the patient's shoulder is placed into a sling with a Velcro abduction pillow immobilizer. Our postoperative protocol has 3 phases: phase 1 starts on postoperative day 1 and continues through 6 weeks. Pendulums are initiated on the first postoperative day to ensure smooth gliding of the pectoralis/hamstring graft and avoid scar formation. During the second postoperative week, passive range of motion is initiated in all planes. The sling is donned for a total of 6 weeks and taken off only for therapy. Phase 2 is initiated at 6 weeks. The sling is discontinued, and active assisted range of motion and a home pulley unit are used. Hydrotherapy is a useful adjunct Techniques in Shoulder and Elbow Surgery if available. Phase 3 begins at 3 months with isometric strengthening using elastic therapy bands. We also start biofeedback under the supervision of a well-trained physical therapist with the Myotrac (Thought Technology Ltd, Montreal, Quebec) home biofeedback device. Return to heavy labor or lifting is allowed at 6 months. However, contact sports should be avoided until 1 year after surgery.
| RESULTS
The senior author previously reported on the results of 8 patients that underwent a semitendinosis and gracilis augmented spilt pectoralis major transfer for refractory primary chronic scapulothoracic winging. 16 One patient developed a wound infection in the second week requiring removal of the graft. Of the 7 other patients, 5 underwent biofeedback training of the pectoralis major. All 7 patients had resolution of their winging, normal scapulothoracic motion, and alleviation of their pain at an average of 32 months. On average, forward elevation of the shoulder improved from 97 to 150 degrees (Fig. 11) .
Other series that have examined split pectoralis major transfers using either fascia lata strips or hamstrings as an extension have had similar results. Iceton and Harris 24 reported 9 successful and 2 fair results after split pectoralis transfer with 4 failures in 15 patients. All patients with a successful outcome were free of scapular winging and had a normal range of scapulohumeral and scapulothoracic motion and normal power of abduction and forward flexion. Perlmutter and Leffert 14 reported similar findings in their series of 16 patients that underwent split pectoralis transfer, 13 of whom had good or excellent results at an average follow-up of 4 years and 3 months. Connor et al 19 reported 7 excellent and 3 satisfactory results in 11 patients at an average follow-up of 41 months. In their series, the preoperative pain score changed from an average of 8.2 to 3. Average forward elevation was 175 degrees. All but 1 patient were able to perform activities of daily living without symptoms. Two of 4 heavy laborers returned to their previous jobs and the other two switched to modified jobs. A further review of the literature demonstrated a success rate of 80% to 100% for split pectoralis transfer in cases of isolated long thoracic nerve palsy and serratus anterior dysfunction. 15, 25, 26 | COMPLICATIONS Complications resulting from a split pectoralis major transfer predominantly involve recurrence of scapular winging. Connor et al 19 reported 1 full recurrence of scapular winging 2 months after surgery attributed to overaggressive rehabilitation in a noncompliant patient. Perlmutter and Leffert 14 reported a complication in 2 patients of a series of 16 patients, both of which had recurrence of scapular winging after failure of the graft. Fascia lata strip grafts were used in both of these cases. Failure was attributed to overaggressive physical therapy in 1 case and heavy manual labor in the other. Besides graft failure, the additional complication of muscle herniation through the fascia lata graft harvest site was documented by Noerdlinger et al 25 and a thigh seroma after graft harvest was reported by Steinmann and Wood. 15 Iceton and Harris 24 and Steinmann and Wood 15 have documented adhesive capsulitis as a complication associated with split pectoralis major transfer for scapular winging. Warner and Navarro 16 reported 1 complication in their series of 8 patients: an infection during the second postoperative week treated by debridement with graft removal. Overall, the reported complication rate in the literature ranges from 9% to 26%. 15, 16, 19, 24, 25 | CONCLUSION Scapular winging from serratus anterior dysfunction due to isolated long thoracic nerve palsy is a rare entity but FIGURE 11 . Improvement in forward elevation from (A) preoperative state to (B) postoperative state after pectoralis major tendon transfer for scapular winging.
Techniques in Shoulder and Elbow Surgery is often overlooked as a diagnosis when a patient presents with shoulder complaints. As a result, scapular winging is often misdiagnosed and patients are treated with the incorrect surgical procedure. Clinical history and physical examination along with electrodiagnostic studies are the cornerstones to making the correct diagnosis and avoiding a delay of care and subjecting patients to multiple surgeries that are not indicated. Most patients with isolated long thoracic nerve palsy improve with nonoperative care. However, some remain symptomatic even after a year. Surgical intervention is warranted in these cases. Split pectoralis major transfer augmented with hamstring autograft is a very effective means to curtail scapular winging and restore scapulothoracic motion with limited patient morbidity in patients with isolated long thoracic nerve palsy. This technique is successful in 80% to 100% of the cases reported in the literature. Scapulothoracic fusion is reserved for cases in which tendon transfer has already failed or in which there is concomitant injury to the spinal accessory or dorsal scapular nerve.
